Tetrahedron Letters,Vol.27,No.45,pp 5529-5532,1986 0040-4039/86 $3.00 + .00
Printed in Great Britain Pergamon Journals Ltd.

HIGHLY REACTIVE CONDENSING AGENTS FOR THE SYNTHESIS
OF OLIGONUCLEOTIDES BY THE PHOSPHOTRIESTER APPROACH+

Kevin G. Devine and Colin B. Reese®

Department of Chemistry, King's College London, Strand, London WC2R 2LS, England

Summary: 4,6-Dinitro-1-(mesitylene-2-sulphonyloxy)-benzotriazole [DMBT, (6b)], 1-(mesitylene-
2-sulphonyloxy)-4-nitro-6-trifluoromethylbenzotriazole (6a) and 1-(mesitylene-2-sulphonyl)-4-
nitro-1,2,3-triazole [is0-MSNT, (5)] are more reactive condensing agents in the phosphotri-
ester approach to oligonucleotide synthesis than 1-(mesitylene-2-sulphonyl)-3-nitro-1,2,4-
triazole [MSNT, (4)] by factors of at least 10, ca. 4 and ca. 1.3, respectively.

In recent years, the phosphotriester approach has been widely used in the synthesis of
oligodeoxyribonucleotides both in solution1 and on solid supportsz. The crucial chain
lengthening step in this approach (Scheme 1) involves the reaction between a 3'-phosphodiester
component (1), a component with a 5'-hydroxy function (2) and a condensing agent in pyridine
solution. The condensing agent that appears to be used most widely for this purpose is
l—(mesitylene-Z-sulphonyl)-3-nitro-1,Z,A—triazoleB’a [MSNT, (4)]. The latter reagent is a
stable crystalline solid which promotes fairly rapid condensation reactions; it has an
additional advantage in that, although it reacts™ with unprotected uracil (and, to a much
lesser extent, thymine) and 2-N-acylguanine residues, the ensuing base modification processes
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5. . .
are reversed” in the course of a standard unblocking step that is carried out towards the

end of the synthesis.
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a; R! = 9-phenylxanthen-9-yl, R? = acetyl, B! = B2 = thymin-1-yl, Ar = 2-chlorophenyl
In solid phase oligonucleotide synthesis, it is desirable that the chain lengthening
steps should proceed rapidly and, if possible, quantitatively. The alternative phosphite
triester approach7 involves the use of protected nucleoside 3‘—phosphoramidites8 and an acti-
vating agent [such as 1-H-tetrazole], instead of protected nucleoside 3'-aryl phosphates (1)
and a condensing agent [such as MSNT (4)]; the phosphite triester approach benefits from the

fact9 that P(II1) are generally more reactive than P(V) acylating agents. While the rates of
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condensation reactions in the phosphotriester approach may be increased by the addition of
. . 11,12
nucleophilic catalystslo or by conducting the reactions above room temperature ' 7, we are

unaware of any previous studies concerned with the development of condensing agents that can
be used under the same conditions as MSNT (4) [i.e. in anhydrous pyridine solution at room
temperature}, but which are more reactive. We now report that l-(mesitylene-2-sulphonyl)-4-

3
3

nitro-1,2,3-triazole1 [is0-MSNT, (5)], l-(mesitylene-2-sulphonyloxy)-4-nitro-6-trifluore-
methylbenzotriazolel4 (6a), and especially 4,6-dinitro-l-(mesitylene-2-sulphonyloxy)-benzo-
triazole14 [DMBT, (6b)] are all more reactive condensing agents than MSNT (4), and that these
reagents can be used under the same reaction conditions as MSNT. On the other hand,
1'(mesitylene—2~sulphonyloxy)—6—nitrobenzotriazole15 (7b) [Table 1, entry no. 5] is less
reactive than MSNT, and the parent compound of this series, l-(mesitylene-2-sulphonyloxy)-

. I . . . e Ca :
benzotriazole (7a) is extremely unreactive [reaction time under the conditions indicated in

Table 1, > 150 hr] as a condensing agent.
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TABLE 1. Condensation Reactions® Leading to 5'~-0-(¢-Phenylxanthen-9-yl)thymidylyl-(3'+5')~(3'-O-acetylthymidine)
2-Chlorophenyl Ester (§3)

Entry No. Quantity of (la) Quantity of (2a) Vol. of Pyridine Condensing Agent Reaction Time Isolaied Yield

[mmol ) [mmo1l ] [ml] (Quantity {mmol]) [min] of (3a) [%]
1 0.85 0.77 8 (4) (2.32) 2¢ 80
2 0.85 0.77 8 (5) 12.32) 15 78
3 Q.85 Q.77 8 (623(2.30) 5 84
4 0.85 0.77 8 (6b)(2.33) 2 82
5 0.58 0.49 3 (7p)(1.46) 45 73

a . . . - P . . =
The nucleotide {Ja) and nucleoside (2a) components were dried by evaporation from pyridine [16 ml, except for experiment in entry mo. 3
(6 ml)] solution, redissolved in pyridine at room temperature and the condensing agent was then added. After the reaction time
indicated, saturated aqueous sodium hydrogen carbonate (2 ml) was added, and the products were worked up and purified by shorr column

chromatography on silica gel. The product (3a) was isolated as a precipitated solid.

Each of the new condensing agents [(5), (6a), (6b) and (7b)] was used in the preparation
of 5'-0-(9-phenylxanthen-9-y1)thymidyly1-(3'+5')-(3'-0-acetylthymidine) 2-chlorophenyl ester
(3a) [Scheme 1], and their reactivities were compared with the reactivity of MSNT (4)

[Table 1]. It can be seen that iso-MSNT (5) [entry no. 2] is only marginally more reactive
than MSNT (4) [entry no. 1], but that (6a) and (6b) promoted the condensation reaction
[Scheme 1] at least 4 and 10 times, respectively as rapidly as MSNT (4). The comparative
reactivity of DMBT (6b) is probably appreciably greater than is suggested by the data in
Table 1. Indeed, a t.l.c. examination of the condensation reaction involving (6b) revealed

very little, if any, remaining 3'-O-acetylthymidine (2a) after 1 min.
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As expected, l-(mesitylene-2-sulphonyloxy)-4-nitro-6-trifluoromethylbenzotriazole (6a)
and DMBT (6b) were also found to be more reactive sulphonating agents than MSNT (4).  When
3'-0-acetylthymidine (2a) was treated, in separate experiments, with 3.0 molecular equival-
ents of (4), (6a) and (6b) in pyridine solution under conditions corresponding to those used
in the above condensation reactions [Table 1, entries nos. 1, 3 and 4], it was completely
converted into its 5'-O-(mesitylene-2-~sulphonyl) derivative (8) in 24 hr, 2 hr and 45 min,
respectively. The latter compound (8) was not, however, detected as a by-product in any of
the condensation reactions described above. Although we favour the protection of the lactam
groups of thymine and guanine residuesl7 in oligodeoxyribonucleotide synthesis, we treated
0.2M - solutions of 3',5'-di-O-acetylthymidine (9) in anhydrous pyridine with 5 molecular
equivalents of (6a) and (6b) in the presence of 0.75 molecular equivalents of diphenyl phos-
phate5 at room temperature. In both experiments, ca. 70-75% of the starting material (9)

remained after 24 hr.

In conclusion; we believe that of the new reagents described in this paper, DMBT (6b)
especially has much potential as a condensing agent in the rapid synthesis of oligonucleo-
tides by the phosphotriester approach both on solid supports and in solution. Indeed, it
would seem likely that the use of DMBT (6b) instead of MSNT (4) would considerably narrow the
present difference in cycle times18 between the phosphotriester and phosphite trie;ter

approaches.
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